Nanosized silver (Ag) borate particles were synthesized under facile and controlled conditions for the antibacterial ceramic applications. Obtained powder materials were characterized comprehensively for the detection of crystallinity, particle size, morphology and surface characteristics. Since obtained borate particles must be optimized by comparing their size, shape and composition, a statistical method (Taguchi Method) was used. Taguchi method allowed the control and deep insight on the variables namely temperature, reaction time, mol ratio and stirring speed. Since obtained nanoparticles can be easily modified and dispersed in ceramic matrixes, formation parameters for the best antibacterial glaze composition were defined. Structural analysis and crystallinity investigation with x-ray diffraction showed that temperature has a huge impact on the formation of nanoparticles as diffraction patterns revealed. Scanning Electron Microscopy unveiled that morphology of the nanoparticles are relatively spherical and EDX revealed that there is no other impurities. Synthesized nanoparticles were utilized for the 1 × 1 cm ceramic samples for antibacterial applications. Results showed that gram positive and gram negative bacterias are deactivated as tests revealed and reported.
Introduction
Enhancement of the bacterial infections in our daily life, requires the production of facile and active antibacterial agents [1] . Therefore, the synthesis and industrial development of environmentally friendly products are escalating [2] [3] [4] [5] [6] [7] . As known, antibacterial compositions are exploited in medical applications [8, 9] , food industry [10] , cosmetic products [11] , water treatment [12] , agriculture application [13] and in fields that prevent the destruction and spread of microorganisms.
Mostly silver, zinc, copper, mercury, titanium are the main columns of the antibacterial structures [14] . These metal ions inhibit bacterial enzymes by contact and penetration which prevents the bacteria from negative propagations [15] . Among these compositions, nanoparticles represent a crucial class which is produced by facile and environmentally friendly methods. Since antibacterial nanoparticles can be manifested from metals [16] , metal oxides [17] , metal salts [18, 19] , metal hydroxides [20] , and polymers, one can optimize the production technology by optimizing the formation conditions [21] . Even though various antibacterial agents which contains silver [22, 23] , gold [24] and zinc [25] were exerted, the ionic silver seems more suitable since it provides the highest antibacterial activity against bacterial infections [26] [27] [28] .
Silver is recognized as antibacterial for centuries [29] [30] [31] and silver containing compounds are used as antibacterial practices due to its availability and extreme resistance against to bacterial infections [32] [33] [34] .
Therefore even nowadays, silver containing items are seen in diverse applications such as wound healing [35] , eye infections [36, 37] , and aspirative infections due to katherer [38, 39] . Enormous activity of silver arises from [40, 41] the cellular level activity of the silver cations. Mechanisms revealed that the interaction of Ag + with respiratory and transport proteins might be one of the reasons [42, 43] . In addition to that inhibition of proliferative ability of bacterial cells exposed to Ag + should also be taken into account [40] .
In previous studies, Sadeghnejad et al. [44] . coated the silver nanoparticles on the polyethylene film with the polymer-particle (Polyethylene-Ag) approach and tested this hybrid coating against Staphylococcus aureus and Escherichia coli bacteria. As a result of this work, it has been stated that the antibacterial polyethylene films can be utilized for food packaging and storage. Magyari et al. [45] synthesized bioactive 10B 2 O 3 -30Na 2 O-60P 2 O 2 glass with antibacterial properties. Found that the product containing Ag 2 O in the range of 0.2-1 mol% showed more antibacterial properties than the product containing Ag 2 O in 1.5 mol% and 2 mol%. Jaiswal et al. [46] added silver, copper and zinc (Ag, Cu, Zn) Nitrate into methyltriethoxysilane and coated with polyethylene plate. After the antibacterial test, it was found that the product containing Ag+ is more antibacterial than the others. Panico et al. [12] . have investigated the antibacterial endurance of silver water filters and their potential application in the reduction of bacterial fouling and proliferation in water treatment. Poly(ether sulfone) membranes commonly used in water filtration were coated with silver nanoparticles synthesized via in situ photo reduction method. De Simone et al. [13] have developed antibacterial silver-coated HDPE nets for an innovative application such as agriculture. Antibacterial coatings on high-density polyethylene nets were obtained by a patented nanosilver deposition technique based on the in situ photo-reduction of a silver solution. According to these investigations different form of silver can be a source for the antibacterial investigations.
Depending on the previous investigations, we have statistically studied controlled facile synthesis of Silver (Ag) Borate nanoparticles by Taguchi method. Obtained nanoparticles were analysed and best parameters were detected for the facile, stable and industrial scale synthesis of silver borate nanoparticles. Especially, size, reaction temperature and surface characteristics of the obtained nanoparticles were investigated and it was revealed that the synthesis of these nanoparticles can be modelled and standardized for industrial scale. Additionally obtained nanoparticles can be utilized as an antibacterial agent for the ceramic glaze applications and exhibits remarkable reactivity for the ceramic applications.
Materials and methods

Materials
Disodium Tetraborate Decahydrate (Na 2 B 4 O 7 ·10 H 2 O) (Merck) and Silver Nitrate (AgNO 3 ) (Nalgene) were used for the statistical silver borate nanoparticles synthesis. Both materials were used without further purification.
Synthesis of silver borate nanoparticles NP
Silver nitrate (AgNO 3 ) and Borax (Na 2 B 4 O 7 ·10 H 2 O) were reacted at different temperatures with varying molar ratios of AgNO 3 /Na 2 B 4 O 7 ·10 H 2 O. Additionally reaction time was also varied. Whole procedures can be found at (Supporting Table 1 ). Figure 1 represents the obtained Silverborate nanoparticles. During the reflux procedure, after the addition of borax into the silver solution, an immediate formation nucleation was observed. After the nucleation and growth, with the help of reaction conditions we obtained silver borate nanoparticles which was examined by XRD and SEM for further applications. Nanoparticles were washed and dried with EtOH before the analysis.
Characterization
The morphology and atomic analysis with size detection of the nanoparticles were observed using (SEM) scanning electron microscopy and EDX. Observed nanoparticles were dispersed in EtOH, ultrasonicated and then one drop of this solution was placed onto Cu tape. 5 nm of Au was coated for enhancing the imaging quality. Surface characteristics were characterized with FT-IR spectrometer on Agilent 600 series ATR module Spectrophotometer. The wave number ranges from 4,000 to 500 cm at a resolution of 4 cm −1 . Crystallinity properties of these nanoparticles were obtained by XRD -Philips X'Pert Pro between 2θ =20-80. Thermal properties and observation was realized using TGA Shimadzu DTG-60 series with temperature rate 20 °C/min till 1000 °C. Optical behaviours of the obtained nanoaprticles were examined with UV-Vis 
Results and discussion
Crystallinity and morphology of the NP's
The phase purity and composition of the obtained silver borate nanoparticles examined by XRD. Figure 2 shows Since original peaks are almost completely matching with the obtained nanoparticle peaks, we can conclude that nanoparticles with high purity was obtained. All diffraction peaks are indexed according to the Silverborate hexagonal phase. The broadening of the peaks in the 38.04° and 39.21° region can be attributed to the small particle size of the synthesized silverborate.
XRD patterns of obtained silver borate structures with different molar ratios of the beginning reactives gave similar XRD patterns as shown in Fig. 3 at 45 °C. Interestingly XRD results showed that increasing the molar ratio of the borax precursor decreased the peak intensity of the obtained particles. This is probably extreme borate anions are regulating the atomic diffusion in the solution by changing the pH, flux rate and proper complex formation.
Therefore nucleation is not occurred as a desired rate which also affects the particle formation. Only the peaks at 33.2°, 38.5°, 55.6°, 66.1° are noticeable for AgB 4 and AgB 3 attempts. When compared, decrease or relative modulation of the optimal borate amount led spherical and nanorange products in Fig. 4 .
For a further analysis, XRD patterns at the 90 °C were detected. Therefore, another striking observation is seen at Fig. 5 . XRD pattern intensity were significantly enhanced with temperature. Since temperature enhances all the particle formation conditions such as increased saturation in solution, enough flux rate in solution, increased atomic diffusion, highly crystalline structures are formed for a desired growth.
Statistical analysis for the obtained nanoparticles (Fig. 6) showed that size is about 321 ± 11 nm. 100 particles were counted for examination and size distribution chart was presented in Fig. 6 . It showed the particle size frequencies, an average diameter and a calculated statistical standard deviation acquired with non-linear fitting of the data for the sample.
Chemical structure and atomic analysis using EDX method indicated the presence of Ag, B and O elements of Ag 2 O·2B 2 O 3 ·3H 2 O (element H is omitted) as shown in Fig. 7 . No other elements such as sodium was not observed. Furthermore, the quantification of the peaks gives that the atomic ratio of Ag:B:O is 2:4:10, which is very close to the stoichiometric Ag 2 O·2B 2 O 3 ·3H 2 O nanoparticles.
Since XRD results are completely matching the expected JSPDC standart and SEM images provide information on the established nanoparticles, results are quite convincing for the formation of the Silverborate nanoparticles. 
Surface characterization
The FT-IR spectrum of silver borate nanoparticals shown in (Fig. 8) . For this analysis dried nanoparticles were used and measurements were directly taken from these nanoparticles. The strong peaks at 890 and 1350 cm 
Thermal properties
TG-DTA profile of the synthesized sample is presented at Fig. 9 . From the structure it is clear that only volatile part is detected as water structure. Therefore when we define the ratio of removed water with the total amount of beginning material we can also improve and examine the crystal structure of the obtained Silverborate nanoparticles. Total weight loss of 12.70 wt% was observed which were seen at three different temperatures like 185.27, 376.32 and 483.82
•C respectively. Since sample was heated from 0 to 1000 °C, corresponding loss of three molar equivalents of the crystal water was detected and could be compared with calculated value of 12% and formed Ag 2 O·2B 2 O 3 ·3H 2 O. The Silver Borate compound has slow weight losses before 200 °C, which are related to the release of absorbed water and decomposition of other volatile molecules on the surface of Ag 2 O·2B 2 O 3 ·3H 2 O. Endothermic peak observed between 185 °C and 485 °C, which can be ascribed to the loss of molecular water of crystallization.
UV-visible analysis
The absorption spectra of the Silver Borate compound was measured between 200 and 800 nm at room temperature in Fig. 10 . Figure 10 shows the optical absorption spectra of the samples obtained. This compound absorbs photons at approximately 390-400 nm. This is due to the size of the nanoparticles. Additionally surface effects are invisible since there is no significant variation after 400 nm.
Antibacterial tests
The antibacterial activity of Silverborate nanoparticles was demonstrated using Gram-positive Staphylococcus aureus (ATCC 6538) and Gram-negative Escherichia coli (ATCC 25922) bacterial strains. In order to activate stock ATCC cultures stored at − 80 °C, working cultures were established by planting petri-plants containing Nutrient Agar (Merck). Muller Hinton Broth (MHB) (Merck), a solid nutrient required for the production of bacteria, was utilized to determine the bacterial counts by the "dilution method" for the detection of antibacterial activity of nanomaterials. Nutrient Broth (NB) (Merck) was used for the development of bacterial growth. After 24 h of incubation at 37 °C, prepared bacterial suspensions were set to 0.5 McFarland turbidity with using sterile PBS. For the preparation of the ceramic glazes, 1% (w/w) nanoparticle were dispersed in the industrial ceramic glaze solution containing 56% SiO 2 , 14% Al 2 O 3 , 8% CaO, 2% 3% Na 2 O, 5% SO 3 . The mixture was stirred at 500 rpm for 10 min for a good dispersion. Then, the surfaces were coated with standard pouring method by covering the surface homogeneously. Obtained wet surfaces were baked at 1200 °C for 12 h.
The ceramics (Supporting Figure 1) were autoclaved at 121 °C and 1 atm pressure for 15 min and placed in 50 ml centrifuge tubes previously sterilized in 70% ethanol. Bacterial suspension (10 7 CFU ml −1 ) was added to tubes and incubated at 37 °C in a shaking incubator at 100 rpm for 24 h. At the end of this period, the bacterial suspension obtained from the samples was diluted and transferred to the agar medium by taking 0.1 ml of the sample and counting bacterial colonies after incubation for 24 h at 37 °C. Antibacterial activity was used as a control for samples containing only bacterial culture for which no nanomaterials were added. In addition unadditive glaze was also test for antimicrobial activity. Antibacterial activity was determined by the following formula [49] .
A is the control sample, and B is the columns taken from the nanomaterials inoculation. According to the results, the ceramic containing AgB13 showed 99.3% antibacterial Antibacterial activity (%) = (A − B)∕A × 100 (Fig. 11 ) and 100% antibacterial activity against E. coli (Fig. 12 ).
Conclusions
In this study, silver borate nanoparticles having the antibacterial properties were successfully synthesized, characterized and tested as an antibacterial agent.
During the synthesis, four different temperatures, molar ratios and times were varied and obtained structures were analyzed from XRD spectras. With SEM, EDX and TGA analyses structure, shape, morphology and thermal properties of the as-synthesized nanoparticles were determined. SEM images and XRD results confirmed that there is no other impurities and spherical nanoparticles were prcoduced. The antimicrobial effect of the added glaze ceramics on the Gr (+) and Gr (−) bacteria was interpreted by applying dilution counting method. The antibacterial effect of the material on the bacteria was calculated by comparing the change in the number of bacteria only in the control with the effect of the nanomaterials produced in the analysis of antibacterial activity.
As a result, unadditive glazed ceramics showed 5% antibacterial effect on E. coli bacteria and no antibacterial effect showed against S. aureus bacteria. These results show us that there is no antibacterial effect of unadditive glaze. It was concluded that the glazed ceramic containing silver borate compound has antibacterial effect against both E. coli and S. aureus bacteria. While 1% silver borate added glaze showed 99.3% antibacterial effect against S. aureus bacteria, the same sample showed 100% antibacterial effect against E. coli bacteria. 
